This study was conducted to determine the effect of hygienic processing (HP) on the reduction of microorganisms during manufacturing of saengshik with two vegetables (carrots and cabbage) and two grains (barely and glutinous rice) compared to general processing (GP). For GP, distilled water was used for washing raw materials and equipment. For HP, aqueous ozone (3 ppm) in combination with 1% citric acid and 70% alcohol were used for washing raw materials and the equipment, respectively. In carrots, after cutting, total aerobic bacteria (TAB), yeast and mold (YM) and coliforms were significantly increased to 5.19, 8.04 and 2.08 (log 10 CFU/g), respectively (p<0.05). Washing effectively reduced the increased microorganisms from cross contamination during cutting, but cross contamination increased with subsequent GP drying and milling procedures to 8.56, 8.27 and 3.71 (log 10 CFU/g) for TAB, YM and coliforms, respectively (p<0.05). On the other hand, HP washing of carrots with 3 ppm ozone in combination with 1% citric acid showed higher antimicrobial effect than GP washing, significantly decreasing the number of microorganisms (p<0.05). Further cross contamination did not occur through drying and milling due to cleaning the equipments with 70% alcohol prior to processing. After milling, the number of TAB, YM and coliforms were significantly decreased to 3.89, 4.47 and not detectable level (log 10 CFU/g), respectively (p<0.05). Similar results were observed in cabbage and grains. During storage for two months at different temperatures (22 or 4 o C), there were no changes in numbers of spoilage microorganisms in the packaged saengsik after either processing. This suggests the importance of HP for the reduction of microorganisms during saengsik production, and demonstrates the effectiveness of disinfection at each processing stage in minimizing contamination levels to enhance microbial safety of saengshik products.
INTRODUCTION
Consumers' demands for fresh-like, minimally processed foods that are safe and healthy foods have led to a remarkable increase in the variety of products available since 1980. Saengshik products are one of the fresh-like foods with health-promoting functionality (1, 2) . Saengshik (powdered raw grains and vegetables) is defined as processed foods from grain, vegetable and animal materials and is dehydrated into the form of powder, granules or others such as bars, pastes, gels, or sols. It is convenient food that can be consumed as is without further preparation or by dissolving it in water, milk or other drinks (1, 2) . In Korea, marketing of ready to serve meals, like saengshik has been increased rapidly in recent years because these types of foods contain vitamins and minerals essential to numerous metabolic processes inside the body (2) .
However, safety can be problematic with these types of foods because the products are commonly not treated thoroughly enough to eliminate harmful microorganisms (3) . According to KFDA (Korean Food and Drug Administration) Food Code for saengshik products, saengshik products should be negative for Escherichia coli, below 10 2 CFU/g for Clostridium perfingens and below 10 3 CFU/g for Bacillus cereus (6) . However, Korean Consumer Association reported that B. cereus was detected in 2 of 10 products tested with no Staphylococcus and Salmonella. For spoilage microorganisms, two out of 10 saengshik products were contaminated with 5 log CFU/g aerobic bacteria and coliform were detected in 7 out of 10 saengshik products with no E. coli in any of the products (7) .
Studies have been reported on various types of antimicrobial treatments including washing with water, organic acids, irradiation, chlorine, hydrogen peroxide, and ozone to inhibit microorganisms for reducing surface contamination and for processing fresh like minimally processed food products (9) (10) (11) (12) (13) (14) (15) (16) . Saengshik has been studied for its human health, functionalities, and current manufacture processing (2, 5, 8) , but few studies have evaluated the prevalence and contamination level of microorganisms in raw materials and during processing of saengshik products. Chang et al. (4) reported that washing and drying did not increase contamination level, but bacteria in raw materials of saengshik products were increased significantly after milling.
The aims of this study were to investigate the reduction of microorganisms in raw materials (vegetables and grains) of saengshik during processing with or without hygienic processing.
MATERIALS AND METHODS

Raw materials
Main ingredients of saengshik, such as grains (glutinous rice, barley) and vegetables (carrot, cabbage) were purchased at National Agricultural Cooperative Federation. Each raw material was produced in Korea.
Ozone generation
Aqueous ozone (3 ppm) was produced on site by an electrochemical process using an ozone generator (GW-1000, Youlchon, Korea). For preparation of aqueous ozone, concentration was monitored continuously using a Dissolved Ozone Monitor (Model A 15/64, ATI Inc, Collegeville, PA, USA). This particular model was an on-line monitoring system designed for the continuous measurement of ozone gas in solution.
Sampling from different processing stages of saengshik Saengshik processing stages include cutting (only vegetable), washing, drying, milling, mixing, packaging and storage. The inactivation of spoilage microorganisms was determined on the raw materials of saengshik after each processing stage by general processing (GP) or hygienic processing (HP). For GP, distilled water was used for washing raw materials and machines at each stage. For HP, raw materials were washed with 3 ppm aqueous ozone (AO) in combination with 1% citric acid (CA) (Dae-Jung Chemical, Korea) and each machine was washed with 70% alcohol before use. Vegetables were cut prior to washing but cutting was omitted for grains. The prepared vegetables and grains were washed with distilled water (GP) or combined 3 ppm AO, and 1% CA (HP) for 3 min (vegetables) or 6 hr (grains) at 22 o C without agitation. Ten grams of each vegetable (carrot or cabbage) and 10 g of each grain (glutinous rice or barley) from each processing stage were placed in a separate sterile plastic bag (Nasco, Whirl-Pak, Janesville, WI, USA) for microbiological analysis.
Microbiological Analysis
Untreated raw materials were used as a control. Control and samples from each processing were analyzed for total aerobic bacteria (TAB), yeast and mold (YM) using plate count agar (PCA, BD Difco, Sparks, MD, USA), acidified (10% tartaric acid) potato dextrose agar (PDA, BD Difco, Sparks, MD, USA) and coliforms using petrifilm (3M Microbiology products, St. Paul, MN, USA) plates, respectively. For each sample, 10 g of control or samples in a sterile Whirl-Pak filter bag were mixed with 90 mL of 0.1% sterile peptone water. The mixture was homogenized using a stomacher (Seward stomacher 400, London, UK) for 2 min at room temperature. Dilutions were made and 1 mL of appropriate dilutions was plated in duplicate. PCA and coliform petrifilm plates were incubated at 35 o C for 24 hr and PDA plates were incubated at 25 o C for 48 hr. TAB and YM were counted from plates having 25 to 250 colonies on PCA and PDA (CFU/g), respectively, and coliforms were counted from coliform petrifilm plates (CFU/g) having 30 to 300 colonies.
Statistical analysis
The experiment was replicated two times and each sample was plated in duplicate. All data were subjected to analysis of variance and the Tukey-test was then conducted with least square means to determine significant differences (p<0.05). All statistical procedures were performed with SAS Version 9.1 (SAS Institute, Cary, NC, USA).
RESULTS AND DISCUSSION
In this study, survival of microorganisms during two different saengshik processing procedures, HP or GP, using two vegetables and two grains was evaluated. The processing procedure included preparation of raw materials (vegetables and grains), washing, cutting (vegetables), drying, milling, mixing, packaging and storage. Initial contamination levels of TAB were 5.93 ± 0.56, 4.58 ± 0.08, 4.46 ± 0.09 and 4.41 ± 0.07 (log 10 CFU/g) in carrot, cabbage, barley and glutinous rice, respectively. YM were 6.38 ± 0.43, 4.59 ± 0.19, 3.83 ± 0.47 and 3.33 ± 0.16 (log 10 CFU/g) in carrot, cabbage, barley and glutinous rice, respectively. Coliforms were 1.03 ± 0.11 and 3.04 ± 0.92 (log 10 CFU/g) in carrot and cabbage, respectively. No coliforms were detected in raw glutinous rice and barley.
In carrot, GP did not decrease contamination level throughout the procedure. After cutting, TAB, YM and coliforms were significantly increased to 5.19, 8.04 and 2.08 (log 10 CFU/g), respectively (p<0.05, Fig. 1 ). Washing significantly reduced the number of TAB and coliforms increased from cross contamination during cutting, but had no effect on reducing YM (p<0.05). Cross contamination increased with subsequent procedures through drying and milling, after which TAB, YM and coliforms were significantly increased to 8.56, 8.27 and 3.71 (log 10 CFU/g), respectively (p<0.05, Fig. 1 ).
On the other hand, HP (combination of 3 ppm AO and 1% CA) showed antimicrobial effects during washing of carrot. With HP, the numbers of microorganisms increased after cutting, but HP washing decreased the number of microorganisms significantly (p<0.05). Further cross contamination did not occur through drying and milling, which was attributed to cleaning the equipment with 70% alcohol prior to processing. After milling, the number of TAB, YM and coliforms were significantly decreased to 3.89, 4.47 and not detectable level (log 10 CFU/g), respectively (p<0.05, Fig. 1) .
Similar results were observed in cabbage. With GP, washing had no effect on reduction of the numbers of contaminants, which were increased after cutting and further increased during drying and milling (Table 1) . After milling, TAB, YM and coliforms were significantly increased to 5.83, 5.94 and 4.78 (log 10 CFU/g), respectively (p<0.05, Table 1 ). On the other hand, HP, washing with AO in combination with CA for 5 min, significantly decreased (p<0.05) the numbers of TAB, YM and coliforms in HP. There was no further increase in the number of microorganisms except coliforms.
Cutting was omitted for grains in the production of saengshik. The effect of washing in GP for vegetables and grains was different. Even after 6 hr at room temperature, washing had no effect on reduction of the numbers of TAB and coliforms (p>0.05), but decreased the YM significantly (p<0.05). In barely, after milling, TAB, YM and coliforms were significantly (p<0.05) increased to 4.61, 4.80 and 2.69 (log 10 CFU/g), respectively (Fig.  2) . TAB, YM and coliforms were significantly (p<0.05) increased to 4.87, 4.51 and 2.33 (log 10 CFU/g) in glutinous rice, respectively, after milling (Table 2) . On the contrary, the effect of HP on reduction of contaminants was pronounced in grains. TAB and YM were significantly decreased to 1.61 and 1.49 (log 10 CFU/g), respectively in barely and 1.85 and 1.70 (log 10 CFU/g) Means with different letters in the same column are significantly different (p<0.05). in glutinous rice with HP, respectively (p<0.05). No coliforms were detected in either grain after milling. After milling, each vegetable and grains were all mixed together and then packaged. As mentioned earlier, the contamination in GP packaged samples was higher than that in raw materials. Thus, for final saengshik products by GP and HP, the number of spoilage microorganisms was higher in GP than in HP by more than 3 log 10 CFU/g (Table 3 ). Table 4 showed that there were no changes in numbers of spoilage microorganisms during storage at different temperatures (22 o C or 4 o C) for 2 month after either processing method, regardless hygiene processing (p>0.05). Microorganisms left in the finished products did not grow but remained stable during the storage regardless of processing method. This suggests the importance of HP to reduce the contamination of microorganisms in producing saengshik products. Means with different letters in the same column are significantly different (p<0.05). 2) ND: No colony detected. Means with different letters in the same column are significantly different (p<0.05).
2)
ND: No colony detected. Means with different letters in the same column are significantly different (p<0.05).
Researchers reported similar results with mushrooms, that a combination treatment of 3 ppm ozone and 1% citric acid showed higher antimicrobial effectiveness than either 3 ppm ozone or 1% citric acid alone (17) . Other investigators found that ozone inactivated E. coli O157:H7 in apple cider and orange juice, and Salmonella Typhimurium on beef carcass surfaces, respectively (18, 19) . Yuk et al. (20) reported that treatments of combined ozone and organic acids significantly decreased populations of E. coli O157:H7 compared with each treatment alone, among which 3 ppm ozone with 1% citric acid had the highest efficiency with more than two log reduction for 1 min of treatment in lettuce. Our results were consistent with these findings for washing vegetables and grains by HP. However, Yoo (21) reported that different results were observed depending on types of organic acids, microorganisms, or treatment time with a combination of 3 ppm ozone with organic acids in lettuce and mushroom. Ozone has a potential for inactivation of microorganisms (22) , but when using ozone for inactivation of microorganisms in foods, relatively lower concentration of ozone should be applied because high concentration of ozone may contribute to changes in organoleptic qualities in foods (22) .
From a processing point of view, as the processing procedures continued, the numbers of microorganisms increased in GP. For example, coliforms were not detected in raw grains before processing, but were found as processing proceeded in GP products. Saengsik is considered as minimally processed functional foods. Two factors may contribute to achieve microbiological safety. First, it is important to reduce initial microorganisms by using effective washing solutions. Secondly, sources of possible cross contamination during further processing needs to be minimized to maintain a minimum level of microorganisms in the finished products. In our study when equipment at each stage was cleaned with 70% alcohol in HP, there were no significant increases in microorganisms. Therefore, the use of effective washing solutions and maintaining clean environments will help reduce the levels of microorganisms and prevent cross contamination in saengshik manufacturing.
